Objectives: To assess the effects of posture, endothelial function and venous insufficiency on cutaneous microvascular vasodilator function in the gaiter area, in particular defining factors which may affect microangiopathy and ulcer formation.
Introduction
Gravitational ulceration around the gaiter area of the lower limb (above the medial or lateral malleolus) due to primary venous insufficiency is a common disabling condition that is difficult to treat once established and prone to recurrence [1] . The underlying mechanisms of tissue breakdown and ulcer formation are complex and not clearly understood, but microangiopathy involving structural and functional abnormalities is an established feature of venous hypertension [2] and a possible target for therapeutic intervention [3] .
Tissue viability and susceptibility to ulceration depend upon many factors, but cutaneous microvascular perfusion and in particular the integrity of compensatory vasodilator mechanisms to maintain blood flow, tissue oxygenation and nutrient delivery despite changes in systemic and local haemodynamics may be especially important [4] . For example, it has been shown that reduced vasodilator capacity in response to warming correlates with low transcutaneous oxygen tension in the perimalleolar tissues [5] , but very little is known about how microvascular vasorelaxation is dependent upon endothelial function, posture (i.e neural reflex pathways) and/or defects in the underlying vascular smooth muscle.
Although laser techniques have been available for many years, recent technological improvements in laser Doppler fluximetry (LDF) and the associated analytical software offer more reliable methods and applications for studying microvascular vasodilator pathways in clinical studies, e.g by combining LDF with iontophoretic administration of vasoactive drugs [6] . Thus, the purpose of the present study was to compare cutaneous microvascular perfusion around the gaiter area in the supine and 4 upright positions in patients with isolated superficial venous insufficiency (ISVI) and normal healthy subjects, and to assess the effects of ISVI and posture on both endothelial-dependent and endothelial-independent vasodilator mechanisms. endothelial-independent vasodilator SNP were measured using an incremental-dose iontophoresis protocol [7] . Thereafter, following 10 mins recovery and stabilisation of baseline flux recordings in the standing position, repeat measurements of vasodilator responses were performed with the subject upright.
Methods
The DRT4 LDF system was utilised for all studies (Moor Instruments, Axminster,
UK), together with the Moor Instruments iontophoresis controller and the DRT4
software for automated data analysis of skin temperature, flux and microvascular dose-response curves for each iontophoretic challenge.
Incremental microvascular dose-response analysis
The principle of drug iontophoresis is that an electrical potential difference will actively cause ions in solution to migrate according to their electrical charge. The magnitude of the electrical charge (Q) is therefore dependent upon length of time (t) a current (I) is passed (i.e Q = It, where charge is quantified in coulombs, current in amps and time in seconds). Thus, duration and current influence the dose of agonist that is delivered.
In this study, the iontophoresis controller (Moor Instruments) delivered low electrical currents of preset intensity for a specified duration. Each current stimulus was followed by a period of laser Doppler recording to monitor the time-dependent microvascular flow response. Following a stable baseline recording, dose-response curves for Ach and SNP induced vasodilation were characterised using incremental charges according to a standard protocol, as described previously [7] : 25A for 10s
(ie 250C), 50A for 10s (500C), 100A for 10s (1000C), and 100A for 20s 
Results
Twenty-five patients with ISVI and 28 control subjects without ISVI participated in the study. The clinical and demographic details are presented in Table 1 .
Effects of posture on endothelial-dependent & -independent vasodilator responses
In control subjects, rising from the supine to the standing position was associated with a significant reduction in baseline cutaneous flux at both perimalleolar probes ( Figure   7 1), typical of the normal venoarteriolar response to upright posture [8] . However, this reduction in cutaneous perfusion appeared to be fully overcome by the endothelialdependent vasodilator Ach: peak microvascular responses to Ach were similar in the standing compared with the supine position (Figure 1) . In contrast, perfusion responses to each dose of SNP were attenuated in the standing position (Figure 1) .
A similar venoarteriolar reflex was also demonstrated in patients with ISVI: baseline cutaneous perfusion was significantly reduced when patients moved from the supine to the standing position, and the upright response to SNP was blunted ( Figure 2 ).
However, in contrast to the healthy controls, stimulation with Ach did not overcome the effect of posture on cutaneous perfusion: Ach-induced vasodilation was significantly reduced in the standing position ( Figure 2 ).
Effects of ISVI on endothelial-dependent and -independent vasodilator responses
Baseline (resting) cutaneous perfusion in the gaiter area, both in the supine and standing positions, was no different in patients with ISVI compared with controls.
With subjects supine (i.e without the venoarteriolar reflex active) endothelialdependent vasodilation to incremental doses of Ach was similar in patients vs controls in the gaiter area compared with the shin or the dorsum of the foot [9] , which no doubt explains in part why this region is so vulnerable to tissue breakdown. Although resting perfusion is often increased over areas affected by lipodermatosclerosis or ulceration [10] , the result of this study contrasts with earlier suggestions that even mild venous insufficiency is associated with cutaneous hyperaemia [11] .
Whereas Ach-induced vasodilation in larger conduit vessels is mediated almost entirely by endothelial release of nitric oxide (NO), the mechanisms involved in cutaneous microvessels are less clear. It seems likely, however, that Ach-induced release of vasodilator prostanoids and/or endothelium-derived hyperpolarising factor (EDHF) is more important than NO [12] . Thus, under conditions of supine rest and standardised temperature-control there was no evidence of impaired endothelial-9 dependent vasodilation in patients with ISVI. A similar result was reported after iontophoretic administration of a single-dose of pilocarpine [13] . These observations are especially relevant to the on-going debate about what causes ISVI, in particular suggestions that endothelial dysfunction and venous dilatation (rather than valve failure) might be primary mechanisms in the pathogenesis of varicose veins [14] .
Cutaneous vasoconstriction in response to standing is often referred to as the venoarteriolar reflex (or 'oedema protection reflex') [8] . Local neuro-vascular mechanisms, including the sympathetic nervous system, cause vasoconstriction in response to venous hypertension and thus buffer the rise in capillary pressure and transudation of fluid into the surrounding tissues. There have been various reports that the venoarteriolar reflex is either intact [15] or impaired [16] in patients with ISVI, the latter possibly due in part to a form of neuropathy affecting small unmyelinated C-fibres in patients with venous disease [17] . In the present study, however, ISVI had no effect on the normal vasoconstrictor response to standing.
In control subjects and in those with venous insufficiency, the venoarteriolar reflex 
